S-2 T1: Optical constants of TiO 2 , ma-N 405 photoresist and glass substrate measured from spectroscopic ellipsometry FigureS1 | Measured refractive index data used for FDTD simulations: (a) 3D index data of the hybrid structure observed at λ = 851 nm. (b), (c) and (d) Real and imaginary values of the refractive index data of TiO 2 , glass, and diluted photoresist respectively measured through spectroscopic ellipsometer and included in the simulation model. Figure S1 (a) shows the refractive index profile of the hybrid structure at 851 nm with optical constant data fitted from experimentally measured values using spectroscopic ellipsometry (RC2-DI, J.A. Woollam Co., Inc.). Thin films of TiO 2 and diluted photoresist along with bare glass substrate are separately measured for the entire range of operation (400-2400 nm) and plotted in Figure S1 (b-d) . These data are incorporated in the Lumerical software to provide proper materialist properties to the designed models that are used throughout the article for comparative analysis of different resonance mechanisms. S-3 T2: Concepts of a guided-mode resonant (GMR) structure FigureS2 | Physical interpretation of Guided-Mode Resonance (GMR) in terms of its building blocks: (a) Schematic of grating diffraction for a period of 520 nm. The plot shows diffracted angle vs wavelength for different transmission orders (b) Ray picture of waveguide propagation with propagating angle inside a slab waveguide. Plot shows (from ) for TE and TM as a function of wavelength with a fixed waveguide thickness and constituting index. (c) GMR as grating plus waveguide structure. Ray picture shows diffraction leading to the propagation and coupling out. Destructive interference of these leaked out orders with zeroth order produce sharp transmission dips at 921and 861nm for the TE and TM case respectively. Electric field profiles
(| |)
at 921 and 861 nm are shown in (a), (b), and (c) showing diffraction of orders, waveguiding and strong resonance within waveguide correspondingly. Figure S2 explains the working principle of a guided mode resonant (GMR) structure.
The left column exhibits the geometrical representations of a GMR structure and its building blocks, the grating and the waveguide. The dimensions of these structures are matched to the electric field profiles to the right (third and fourth) to correlate the (| |) spatial distribution within these geometries. Figure S2 (a) exhibits a sinusoidal grating of S-4 higher index , backed by a lower index of ( . The plot explains 2 = 2 1 = = 1.00)
how the diffraction first order angle in transmission depends on wavelength for a fixed period of 520 nm and for normal incidence ( . This is quite straightforward and = 0°) comes from the polarization independent grating equation
(1) 2 sin ( ) = 1 sin -In Figure S2 (b), a waveguide of thickness 200 nm and index is associated 2 = 2 with lower indexed superstrate and substrate . The indices 1 = ( + )/2 3 = and are wavelength dependent properties of titanium dioxide, 2 , , photoresist, and glass respectively, measured through spectroscopic ellipsometry and given in Figure S1 . The graph shows a plot of different propagation angle ( ) for different wavelengths expressed in terms of different diffracted angles ( ) = 90°for the cases of transverse electric (TE) and transverse magnetic (TM) modes. These propagation angles are directly related to the wavelength dependent of the waveguide and can be calculated via numerical methods. Figure S2 (c) shows the GMR structure interpreted as a grating together with a slab waveguide with and , 2 , as grating, waveguide, and substrate indices. For a grating to decide the wavelength dependent diffraction angle ( that leads to propagation angle ( ) = 90°-); only specific wavelengths depending on the polarization can produce these supported for the combined structure. As seen from the plots, the wavelength at 921 nm for TE mode only can give a diffraction angle of 58.3°as well as a propagating condition relating to of 57.93° within this waveguide structure. The similar cases arise for the TM mode at 861 nm that satisfies both the case of diffraction and waveguiding for ~ . While propagating within the waveguide these selective wavelengths (TE and TM) 52°i nteracts with the gratings to diffract out and destructively interfere with the corresponding wavelength of the zeroth order transmission. These result in sharp GMR transmission dips as seen in Figure S2 square of these orders at far-field can superpose to produce the well-known grating diffraction intensity pattern. Figure S2 (b) depicts a cross-section of the angled-injection case for waveguiding of fundamental TE and TM modes. Figure S2 Thus depending on the collimated beam size, about 1 cm 2 area of fabricated GMR structure can be obtained with uniformed patterning throughout the area.
T4: Directed self-assembly for the arrangement of particles
For the hybrid structure, synthesized plasmonic gold nanoparticles are required to be incorporated within the channels of the fabricated dielectric GMR structure. Due to spherical symmetry, concern about the final orientation of these nanoparticles relative to the channel does not arise. In the convective assembly experiment, 25 µL of gold nanoparticle solution (0.5 mg/mL, pH 9) is confined between the hydrophilized (30 s O 2plasma, 0.2 mbar, 80 W, Flecto 10, Plasma Technology) topographical nano-channel substrate and a stationary glass slide (distance 0.5 mm). The substrate is withdrawn at a speed of 1 µm/sec to make the meniscus recede in the direction parallel to the channels. The evaporation, facilitated at the meniscus drives a convective flow of particles towards the contact line. On the well wetting substrate, the fluid spreads inside the channels due to the capillary pressure. The nanoparticles travel along the liquidfilled channels that create both lateral and vertical (liquid film thickness) confinement. As soon as the particles protrude from the liquid film upon drying, attractive capillary forces S-7 arise between the particles to guide the crystallization into dimer lines of particles ( Figure S4 ). In contrast to the optical characteristics of different resonant geometries under transverse electric (TE) polarization as studied in Figure 3 of the main article, the effect of the transverse magnetic (TM) polarization is also studied here for comparison. Figure   S5 presents both experimental and simulative results of the plasmonic, photonic and hybrid structures for the similar scan range (0° to 30°) as shown in Figure 3 . ± Plasmonic bands (red) as obtained from the angle of incidence scan shows isolated particle features for the plasmonic chains around 530 nm ( Figure S5 (a) ) that can be seen from the transmittance spectra. For pure photonic GMR structure ( Figure S5 (b) ), the resonant modes ( = 0° and 0°) doesn't lie within the spectral position of the ≠ S-8 plasmonic band. Thus the hybrid geometry ( Figure S5 (c) ) exhibits no such hybridization for the case of TM polarization.
Figure S5 | Comparison of optical properties of three different structures in TM mode:
(a) Plasmonic dimer lines of gold nanoparticles with 520 nm periodicity supported by photoresist gratings on a glass substrate. Both experiment and simulation studies show particle resonance around 530 nm for excitation with TM polarization across the chain directions. Variation of the incidence angle experimentally exhibits a constant dip supported by simulations. (b) A dielectric GMR structure with photoresist grating (of periodicity 520 nm and thickness 150 nm) on TiO 2 waveguide (of 200 nm thickness) and the glass substrate. Experimental studies observe transmission dip at 872 nm for normal incidence and similar dip at 861 nm for simulation with the splitting of modes on varying the angle of incidence. (c) A hybrid plasmonic-dielectric resonant structure with gold nanoparticle dimer lines filled within grating lines of a dielectric GMR. On normal incidence, particle modes are excited around 550 nm with guided waveguide modes at far separated higher wavelengths of around 915. Scanning of incidence angle reveals non-interaction of plasmonic mode with the photonic GMR modes angles as observed from both experimental and simulation data. The plasmonic gratings of gold bars have been reported to show plasmonic features on exciting with polarization perpendicular to the grating lines (TM) whereas normal grating like behavior with parallel polarization (TE). When combined with a waveguide, the TM mode causes generation of waveguide-plasmon polaritons due to strong S-10 coupling whereas TE mode results only in the generation of photonic waveguide modes leading to GMR. We compare our hybrid geometry by replacing nanoparticle chains with nano bars where the height and width are kept identical in both cases ( Figure S6 (a) ).
One can observe hybridization for the case of TM polarization ( Figure S6 (b) ) in case of metallic bars which is expected from literature. This is because, for TM polarization, the plasmonic band of the metallic bar is around 800 nm which can interact with the photonic GMR TM mode resulting in hybridization. For TE case, the photonic mode finds no plasmonic counterpart to interact and thus is devoid of any such coupling. The angle of incidence scan further confirms the outcome as seen from Figure S6 (c-d) .
T7: Electric field plots at resonance for different cross-sections
Figure S7 | Electric field distribution of pure and hybridized modes: (a-d) Electric field distributions for pure and hybrid geometry with monitors (i) across layers and (ii), (iii) within layers along particle and waveguide plane respectively. The pure resonant modes are excited by TE polarized source at 1017 nm (plasmonic) and 921 nm (photonic) whereas the hybrid ones at 1049 nm (plasmonic) and 851 nm (photonic). Figure S7 (a-d) shows the electric field distribution for pure and hybrid structures
(| |)
with 'frequency domain field profile' monitors in both XY (i) and XZ planes (ii: chain S-11 layer, iii: waveguide layer). On exciting the structures with corresponding resonant wavelength, the XY monitors (i) of Figure S7 (a, b) show field strength around the particles and in the waveguiding medium for cases of pure plasmonic and photonic respectively. For excitation of the hybrid structure with the two resonant frequencies, hybrid-plasmonic mode exhibits field enhancement surrounding the particles whereas the hybrid-photonic mode shows mode formation inside the waveguide along with excitations around the particles. From the XZ monitors (ii, iii) in Figure S7 (a, b) , pure plasmonic and pure photonic modes show confinement along their characteristic systems i.e., the particle chains layers and the waveguiding layer respectively.
Incorporating these features together in a hybrid structure provides mixed features in both the resonating states. Compared to pure plasmonic ( Figure S7 (a, ii) ), the hybrid plasmonic ( Figure S7 (c, ii) ) has similar features with photonic waveguide type features induced in ( Figure S7 (c, iii) ). However, the effect of plasmonic behavior is predominant and the modes are spatially oriented in accordance with the position of the plasmonic chains. The, hybrid photonic ( Figure S7 (d, iii) ) in comparison to pure photonic ( Figure S7 (b, iii) ) shows similar mode formation along the waveguiding layer with plasmonic like features in ( Figure S7 (d, ii) ) due to the influence of the particles. Thus it appears that due to mthe ixing of the geometries both the hybrid modes have characteristics of the pure states via hybridization. This is described in the main article through our hybridization model.
T8: Refractive index measurement for sensing
The refractive indices of pure water and salt solution as described in the main article are measured using a digital refractometer for five discrete wavelengths. Using
Cauchy's dispersion equation, the coefficients B, C, and D are determined which are further used to extrapolate values of a real part of the refractive index (n) for the entire range of wavelength scan from 400-2400 nm. Figure S8 Comparison of both simulation and experimental transmission spectra for geometries operating on different resonance regimes. Deuterium Oxide (D 2 O) is chosen as a background medium whose refractive index (RI) is varied by mixing sodium chloride (NaCl). For simulation, such media are modeled using RI data given in Figure S8 .
S-13 Figure S9 shows the simulation (simu.) as well as experimental (expt.) spectra for all the resonant mechanisms in water medium that are compared in the main article in terms of sensitivity and figure of merit. The results are compiled in Table S1 .
Table S1 | Refractive index sensing with water: Calculation of sensitivity (S) and figure of merit (FOM) for different resonance geometries from the simulation as well as experimental transmission spectra plotted as a function of different refractive index in Figure S9 . The values of the refractive indices at different resonant wavelengths for both the cases of pure water and salt solution are estimated from the Cauchy relation and coefficients given in Figure S8 . 
T10: Spectra for sensing measurements with air as a cover medium
With air as a cover medium, sensitivity (S) and figure of merit (FOM) for different resonance geometries from FDTD simulation spectra for different regions of the resonating structures are investigated. In order to obtain sensitivity in the air, simulation background of the FDTD model is changed from 1.0 to 1.1 for all the resonance mechanisms (pure and hybrid) that have been previously studied under normal incidence for their transmittance over the span of 400-2400 nm. In addition, LSPR corresponding to isolated nanoparticle suspension is also studied theoretically. Due to the absence of any gaseous medium having index 1.1, the study is strictly confined to the case of simulation and corresponding spectra are presented in Figure S10 (a). Till now, all the sensing studies that have been performed via modeling are considered with material optical constants properly fed into the simulation model. For a quick theoretical comparison of sensitivity at different regions of the resonant structures, the effect of variation of waveguide and substrate indices are now included as a part of the sensitivity study to understand the effect of localization of pure and hybrid modes at different regions. For both the cases of waveguide and substrate index variation, the cover index is kept 1.0. While choosing waveguide as the layer of interest (LOI), its index is considered 2.1 for the entire spectral range which is increased to 2.2 to observe the effect of variation. Similarly, for the substrate as LOI, the index value is changed from 1.45 to 1.55. The results are plotted in Figure S10 (b) and (c) and compared with that in Figure S10 (a) . The corresponding S and FOM values from the graph are calculated and also tabulated in Table S1 for comparison. Since the LSPR study contains no waveguide and substrate, it is excluded in Figure S10 (b) and (c). Likewise, the PGR study containing no waveguide is excluded in Figure S10 (b) . The S and FOM values from Table S1 and S2 for all the resonant geometries are summarized as plots in 
